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Preface
Multicomponent seismic technology did not become a viable science for energy explorationists until the 1960s and 1970s, when Conoco began to test and demonstrate its horizontal vibrator. Previously, there had been little effort to acquire and use shearwave (S-wave) seismic data in exploration and development geophysics. Although shot-hole explosives, vertical vibrators, and vertical-impact sources had been available as seismic sources for several years, those vertical-force sources were used to acquire only compressional-wave (P-wave) data, even though each source produced a shear mode directly at surface source stations as well as P-to-SV converted modes at subsurface reflecting interfaces. It is difficult to find documented evidence that people involved in exploration and development geophysics made effective use of any S-wave mode before the advent of the horizontal vibrator.
When the horizontal vibrator was introduced, geophysicists recognized that they finally had access to a source that could generate an SH shear mode. SH is a simpler S-wave mode than SV because there is no energy exchange between SH and P modes or between SH and SV modes at reflecting interfaces. During a span of several years in the 1960s and 1970s, a consortium of oil companies banded with Conoco and used vertical and horizontal vibrators to collect P and SH seismic data across a variety of prospects. Those studies allowed S-wave data-processing software to be developed, S-wave dataacquisition procedures to be determined, limitations of horizontal vibrators to be defined, and geologic applications of P and S seismic data to be established for a variety of surface conditions and wave-propagation media. On a relative basis, multicomponent seismic technology advanced more during the period that this Conoco-led consortium tested first-generation horizontal vibrators than it has since. Some of that early work is documented in this book.
After this initial interest throughout the U. S. oil industry to evaluate and apply horizontal vibrators, multicomponent seismic technology progressed in a cyclic, almost erratic, manner. A particular breakthrough often created interest and expanded activity in one or more areas of the technology, but that interest and activity would wane, causing progress in multicomponent applications to stagnate for periods of time. One breakthrough was the demonstration that P-SV converted waves can be acquired in marine environments if four-component (4C) sensors are deployed on the seafloor. Numerous 4C seismic programs now have been acquired across the Gulf of Mexico, North Sea, and other offshore areas to extend S-wave technology to marine prospects. Several valuable S-wave applications, such as imaging through P-wave wipeout zones associated with gas clouds, have been demonstrated using marine 4C data.
The development of multicomponent seismic technology slowed during the 1980s and 1990s, largely because of the unending staff downsizings and company mergers that xi repeatedly echoed across the oil and gas industry. For example, Amoco and ARCO were two companies that had aggressive programs to develop multicomponent seismic technology, but both research programs were eliminated through company mergers. Developers of multicomponent seismic technology in other companies also were displaced or were assigned to different tasks in the new "business-unit" philosophy that began to dominate operations throughout the oil and gas industry.
Fortunately, some academic research groups stayed the course during those periods of industry unrest and maintained their focus on multicomponent seismic research. Two industry-sponsored consortia -the Consortium for Research in Elastic Wave Exploration Seismology (CREWES) at the University of Calgary and the Reservoir Characterization Project (RCP) at Colorado School of Mines -have been operating for approximately 20 years and are acknowledged leaders in developing multicomponent seismic technology, educating students in multicomponent science, and transferring research findings to the public domain.
Many valuable studies are amassed in the CREWES and RCP Web sites at the following URLs: http://www.crewes.org/ and http://geophysics.mines.edu/rcp/. Work at CREWES emphasizes three-component seismic technology, and studies at RCP focus on nine-component seismic issues and applications.
A few seismic contractors have made significant progress in acquiring and processing multicomponent seismic data and stand poised to offer their services to clients. However, those contractors cannot continue to invest in multicomponent seismic equipment and experimentation if there is not sufficient demand for multicomponent seismic services. Experience has shown that users of seismic data are more influenced to request a particular service when they have access to case-history examples that illustrate the principles, utility, and value of the technology involved. Because it costs more to acquire and process multicomponent seismic data than single-component data, case histories must be compelling to cause end users to pay the incremental cost required to practice multicomponent seismic technology.
The Exploration Geophysics Laboratory (EGL) was established at the Bureau of Economic Geology at the University of Texas at Austin in 1997 to develop and apply multicomponent seismic technology. By 2000, EGL had grown to be an effective research group as its industry sponsorship expanded. As of the publication of this book, EGL has completed numerous multicomponent seismic projects. We at EGL, like many other educators, are convinced that the best way to sway industry users of seismic data about the value of multicomponent seismic technology is to amass an extensive portfolio of compelling case histories. Documenting multicomponent seismic applications and case histories has been a principal focus at EGL.
Much of the information presented in this book was done at the Exploration Geophysics Laboratory as part of a project conducted for a laboratory sponsor or as a study funded by the U. S. Department of Energy (DOE). Additional information about the value and applications of multicomponent seismic technology can be found at the EGL Web site, http://www.beg.utexas.edu/indassoc/egl/. Research reports submitted to DOE can be reviewed in the "Publications" portion of the Web site. An excellent tutorial paper published by Stewart et al. (2002) discusses several of the topics presented in Chapters 2 through 6 of this book. A second tutorial paper by the same authors (Stewart et al., 2003) discusses multicomponent seismic applications and is an excellent complement to the material presented in Chapters 7 and 8 of this book. Both of those papers deal with only the converted-S (P-SV) mode. Three books also provide good information -one written by Tatham and McCormack (1991) and two edited by Dohr (1985a Dohr ( , 1985b .
Beyond these recommended information sources, many excellent papers published in a variety of journals present numerous principles and wave-physics concepts related to elastic-wavefield imaging of geologic targets. Only a small percentage of those papers is cited in this book.
This book began as a request from the SEG Publications Committee that the Exploration Geophysics Laboratory prepare a book on multicomponent seismic technology for the SEG Geophysics Reprints Series. However, after we described the research principles that EGL practices and summarized several EGL research studies, the book migrated to the SEG Geophysical References Series. The material in the book explains what we have done at EGL in our development and application of multicomponent seismic technology and summarizes key findings published by others. Throughout the book, the emphasis is on multicomponent seismic case histories and basic principles. Our objective in writing this book is to expand the use of multicomponent seismic technology in all areas of geophysics -hydrocarbon exploration, CO 2 sequestration, evaluation of geothermal systems, hydrology studies, and other areas in which it is necessary to describe subsurface rock properties and fluid distributions. Preface xiii
